38                                  HEAT TREATMENT OF

restrictions upon the use of this simplified method. In particular, it
is absolutely necessary to be acquainted with the various equilibrium
diagrams of all the systems, binary and ternary, real and "fictitious,"
which can be formed with the constituent elements of the complex alloy
in order that this artifice may be used with confidence. This is also true
in case one wishes to examine only in a general way a hypothetical binary
or ternary fictitious diagram.

But since the fiction of complex constituents will not cause any
new phases to appear in the heat treatment of the soft and medium
steels under consideration so long as carbon is excluded from their
number, it seems timely to develop an outline showing its usefulness
in the study of the greater part of the instances which happen in practice.

33. As just remarked, one of the components in machine steels,
viz. carbon, exhibits properties which completely differentiate its
behavior and functions from those of the other components, mainly
for the following reasons:

(a) The linear velocity of diffusion of carbon due to a difference
in concentration in the mixed crystals, is far greater than that of any of
the other elements wnich normally join with, it in the formation of the
steels we are studying.

It is known that this phenomenon is essentially due to the fact that
in extremely large measure the process of diffusion of carbon in solid steel
is by virtue of the action of gases dissolved in the metal. At this
juncture it is certainly out of place to study the mechanism of this action.
It has been described in recent studies upon the cementation and case-
hardening of steel.1 Suffice it to say that all the experimental researches
demonstrate the fact that the linear velocity of diffusion of carbon per
se in solid solution in iron as cementite where the intervention of gases
is practically excluded, is of the same magnitude as the velocity of
diffusion of the other elements frequently found in steel. On the other
hand, other things being equal, if diffusion of carbon in the solid steel
takes place in the presence of the gases which are ordinarily dissolved
in steel (notably the oxides of carbon, hydrogen, and hydrocarbons) its
lineal velocity increases enormously, reaching values hundreds of times
greater than those for all the other elements which with carbon com-
prise the analysis of the steel under examination.

(V) Other conditions being equal, variations in carbon concentration
cause very much greater variations in the mechanical properties of the
steel (especially under the action of certain heat treatments) than those
produced by equivalent variations in concentration of most of the other
elements contained in solid solution in the steel (manganese, silicon,
nickel or chromium, etc.)

^his subject has been studied in my volume on "The Cementation of Iron
and Steel" (McGraw-Hill Book Company, Inc., New York, 1914),